Abstract
of SCR74 remains unclear, the genes encoding SCR74 family of effectors are 118 under strong diversifying selection (Liu et al., 2005) .
119
In this study, we developed a pipeline to identify potential SCR proteins in P. 
134

Results
135
Identification of the P. infestans SCR protein PC2.
136
To identify candidate P. infestans apoplastic proteins as MAMPs for further 137 investigation, we established a bioinformatic pipeline to predict putative 138 apoplastic proteins from the P. infestans genome (Saunders et al., 2012) . A total 139 of 65 SCR proteins were predicted based on characteristics typical of apoplastic 140 effectors such as the presence of a secretion signal, a high number of cysteine 141 residues, and small protein size ( Figure 1A , Supplementary Table 1) . Among 142 these genes, 37 encode known elicitin, CBEL, and protease inhibitor homologs.
143
Next, we evaluated the expression of the other 28 candidate SCR proteins in 144 publicly available gene expression data (Gajendran et al., 2006) . This analysis 145 identified a subset of 5 genes encoding predicted SCR protein that were highly Table 2 ). Therefore, we focused on the remaining 5 candidate SCR proteins for 148 further evaluation.
149
To investigate the biological function of these 5 candidate SCR proteins in Figure 1A) .
165
The Phytopthora marker gene Avr3a and NPP1.1 clearly show early and late 166 expression pattern respectively in our assay (Supplementary Figure 1B) .
167
To study the biological activity of PC2 protein, we transiently expressed PC2 significantly up-regulated in response to PC2 expression ( Figure 1G ).
181
Furthermore, the application of the ROS inhibitor DPI or calcium channel inhibitor
182
Lacl 3 blocked PC2-induced cell death ( Figure 1H ).
183
Next we evaluated whether PC2-induced immunity requires a PRR co-receptor 184 by evaluating PC2-induced cell death in BAK1 and SOBIR1 silenced N.
185
benthamiana plants (Heese et al., 2007; Liebrand et al., 2013) highly dependent on plant membrane-associated LRR-RK as PRR.
191
To further examine the role of PC2 during infection, we overexpressed PC2 in 
203
PC2 orthologs are widely present in oomycete species.
204
To determine the presence of PC2 orthologs in oomycetes, we performed a 205 blastp search in an oomycete proteome database (Supplementary Table 3 
213
arabidopsidis and Pythium being the least related relatives (Figure 2A ).
214
To determine the function of the PC2 orthologs, the orthologs from P. sojae, Figure 2D ). This data indicates that the PC2 orthologs in 222 oomycetes are conserved but show functional divergence.
223
A core minimal peptide of PC2 (residues 138 to 198) and two conserved cysteine 224 residues are required for PC2 activity. , PC2 M4(C152A) , PC2 M4(C161A) , PC2 M4(C177A) , PC2 M4(C183A) , PC2
, and PC2 M4(7CA) ). Cell death assays were carried out in N. Plant serine protease P69B mediates cleavage of PC2 protein.
262
We found in the previous experiment that the PC2 
283
To explore whether the activity of P69B is required for PC2 function we Figure 4E ). To confirm that P69B cleaves PC2 in a protease 298 activity-dependent manner, we introduced the DCI inhibitor in a co-incubation in 299 vitro experiment. We found that PC2 cleavage was attenuated with increasing 300 DCI concentrations ( Figure 4F ). However, DCI solvent, DMSO only weakly 301 affected PC2 cleavage at high concentrations. Together these data illustrate that 302 the serine protease P69B cleaves PC2 in vitro in a protease activity-dependent 303 manner.
304
Serine protease P69B is required for PC2-triggered immunity.
305
To address the question of whether PC2 cleaved by P69B is required for PC2-306 induced cell death activity, we tested PC2 activity on P69B silenced tomato 
313
To test if P69B is also required for PC2-induced cell death, we transiently These data suggest that P69B silencing in tomato prevents cleavage of PC2 and 324 consequently fails to generate a bioactive fragment to induce immunity.
325
Next we also detect whether the cleavage process is important for PC2 
336
To further clarify that the cleavage process is important for PC2 triggered 337 immunity, we generated a serious of PC2 mutants and tested their function and 
349
Serine protease inhibitors of P. infestans counteract PC2 cleavage.
350
Earlier studies showed that P. infestans secretes Kazal-like protease inhibitor 351 EPI1 and EPI1 homologs to repress P69B protease activity (Tian et al., 2004; 352 Tian et al., 2005) . We speculate that EPI inhibitors are able to suppress PC2- enhance basal resistance to Phytophthora (Albert et al., 2015; Wang et al., 2018) .
475
Cloning of the specific PRR gene and functional allele screen may provide a 476 resource to engineering durable plant resistance to Phytophthora.
477
Materials and Methods
478
Identification of candidate apoplastic effectors.
479
The predicted secretome of P. infestans was previously defined(Raffaele et al., 
522
Plasmid pFLAG-ATS (Sigma) was used for protein expression in this study.
523
The DNA sequence encoding PC2 mature protein were cloned into pFLAG-ATS 524 vector for secreted protein in E. coli. The DNA sequence encoding protease 525 inhibitor EPI1 and its P1 mutant were cloned into pFLAG-ATS to generate 526 expression vector pFLAG-EPI1 and pFLAG-EPI1 
554
For PC2 protein expression in P. infestans, PC2 transformants were cultured in 555 amended lima bean (ALB) liquid medium. The wild type strain was used as a 556 negative control. Mycelium was harvested by centrifugation at six dpi, and total 557 RNA was extracted from mycelium. Transcript levels were measured by qRT-558 PCR using the P. infestans beta-tubulin gene as an internal reference.
559
Plant inoculations and relative biomass assay.
560
The virulence assay of P. infestans transformants was carried out using N. were captured using a Canon digital camera at the designated time points and 592 the DAB staining intensity on photographs was quantified using ImageJ.
593
Extraction of the recombinant protein from plant tissues. Expression and enrichment of recombinant proteins from E. coli.
606
E. coli strain DH5α containing the trans-genes cloned in pFLAG-ATS vector was 607 used for protein expression (Kamoun et al., 1997) . E. coli cultures were scaled up 608 in different volume depending on the requirement. Culture filtrate was harvested 609 based on the protocol described in Dong et al (Dong et al., 2014) . The 610 recombinant proteins with either FLAG-tag or His-tag were purified by 611 corresponding immune affinity agarose beads (Sigma).
612
SDA-PAGE and immunoblotting.
613
Proteins were separated on 12% or 15% SDS-PAGE gels run at 80-120 V for 2 614 hr and electroblotted on PVDF membrane (Millipore) at 85 V for 3 hours at 4 °C. 
625
In vitro PC2 proteolytic cleavage assay.
626
The in vitro cleavage test of PC2 was performed as follows. In planta-expressed 627 recombinant P69B protein was extracted in PBS (pH5.5) using vacuum 628 infiltration/centrifugation technique, and 10 µl extract was incubated with 629 recombinant PC2 (1 µM) purified from E. coli in 50 µl volume at 10°C for 30 min.
630
The reaction products were detected by western blot using anti-FLAG and anti-
631
HA antibody.
632
In vitro and in vivo protease inhibition assay.
633
We tested the effect of several inhibitors to PC2-triggered cell death in N. Chen, H., Shu, H., Wang, L., Zhang, F., Li, X., Ochola, S.O., Mao, F., Ma, H., Ye,
693
W., Gu, T., Jiang, L., Wu, Y., Wang, Y., Kamoun, S., and Dong, S. (2018) . 
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Phytochemistry 67, 1800-1807.
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